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DESCRIPTION 
SEMICONDUCTOR DEVICE 
Technical Field 

This invention relates to a semiconductor device and, in particular, to a 
semiconductor device in which warping of a semiconductor element caused by 
heat production is suppressed. 

Background Art 

In recent years, for purposes such as power conversion and power 
control, or high-power amplification/oscillation and the like, semiconductor 
elements called power devices have been widely used. These semiconductor 
devices or elements include bipolar transistors, IGBT (Insulated Gate Bipolar 
Transistors), power ICs, and MOSFETs and the like, and they all have the merit 
that their conversion or control efficiency is high and they are small. 

However, in these semiconductor elements, because a large current 
flows, the amount of heat produced is large, there is a risk of destruction or 
changes in characteristics occurring due to heat produced by the elements 
themselves, and so it is necessary them to be cooled efficiently. To this end, 
various cooling structures have been proposed up to now, and as one example of 
these, a conventional semiconductor device having a cooling structure is shown 
in Fig. 2 hereof. 

Referring to Fig. 2, a semiconductor device 100 is made by providing an 
insulating plate 103 and a metal plate 104 between a semiconductor element 
101 and a heat sink 102. The semiconductor element 101 is a power device such 
as a power transistor, a power FET, or an IGBT, and is made of a silicon 
semiconductor or the like. When the semiconductor element 101 operates, due 



to joule heat, heat is produced and its temperature rises. When the temperature 
of the semiconductor element 101 rises, its on resistance increases, and when 
feedback control or the like is being carried out, further voltage is applied in 
order to make current flow, current flows, and consequently the joule heat 
5 increases and the temperature rises further. Because of this, breakage of the 
semiconductor element 101 occurs. To prevent this, the semiconductor device 
100 is provided with a heat sink 102. 

The heat sink 102 is made of copper or aluminum or the like, which have 
good thermal conductivity, and radiates heat produced by the semiconductor 
10 element 101. Consequently, it can prevent increase of the temperature of the 
semiconductor element 101. Accordingly, it is shaped so as to have a large 
radiating area. 

The insulating plate 103 electrically insulates the semiconductor 
element 101 and the heat sink 102 from each other. For this, a material which 
15 has good thermal conductivity but is electrically insulating, such as SiN, is 
used. 

The metal plate 104 is for supporting the semiconductor element 101 
and the insulating plate 103, and is also for conducting heat from the semi- 
conductor element 101 to the heat sink 102. For this, a copper plate or the like 

2 0 which has good thermal conductivity and is a firm material is used. 

The heat sink 102 is for diffusing heat produced in the semiconductor 
element 101 and conducted to it through the insulating plate 103 and the metal 
plate 104; it has a structure that makes its area of contact with air large, and is 
made of copper, aluminum, or molybdenum or an alloy of these. The semi- 

25 conductor element 101, the insulating plate 103, the metal plate 104 and the 
heat sink 102 are bonded together with solder or brazing filler material or the 
like. 
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In the conventional semiconductor device described above, there was the 
shortcoming that because compared to the thermal expansion coefficient of the 
semiconductor element the thermal expansion coefficient of the copper or 
aluminum or other metal is large, the metal expanding along with the 
5 production of heat by the semiconductor element causes thermal stress to arise, 
the device itself bends, and detachment and/or cracking or the like occur. To 
solve this kind of shortcoming, technology whereby the bonding material 
between the insulating plate and the heat sink is contrived to bond firmly has 
been disclosed, for example in JP-A-2002-43482. A hard brazing filler material 

1 0 including an active element is used for this bonding material. 

As described above, in the conventional semiconductor device shown in 
Fig. 2, there was the shortcoming that because there is a difference in thermal 
expansion coefficient between the metal and the other materials, warping 
occurs in the device when the semiconductor element produces heat, and as a 

15 result detachment and cracks and so on occur. Thus there have been the 
problems that it has not been possible to apply a high load to the semiconductor 
element, its full potential performance cannot be exploited, a forced cooling 
device such as a water-cooling device or a fan or the like has been necessary, and 
the equipment has become large. 

2 0 When the technology disclosed in JP-A-2002-43482 is used, because the 

thermal conductivity of the bonding material itself is poor, the performance of 
the semiconductor device in dispersing heat by conducting it to the heat sink is 
lost, and because as a result the semiconductor element is not efficiently cooled, 
it has not been possible to exploit the full potential performance of the 

2 5 semiconductor element. Also, the bonding material is expensive and has been 
a cause of increased cost of the semiconductor device. 

Accordingly, technology has been demanded for reducing warping of a 



semiconductor device occurring when a semiconductor element produces heat 
has been awaited. 

Disclosure of the Invention 
The present invention provides a semiconductor device comprising a 
5 semiconductor element, a heat sink, and an intermediate layer provided 
between the semiconductor element and the heat sink to moderate thermal 
stress. 

Because an intermediate layer for moderating thermal stress is 
provided between the semiconductor element and the heat sink, thermal stress 

10 resulting from a difference between thermal expansion of the semiconductor 
device and thermal expansion of the heat sink arising due to heat produced by 
the semiconductor device can be moderated by means of the intermediate layer, 
and it is possible to reduce warping of the semiconductor device. 

In the invention, preferably, the intermediate layer for moderating 

15 thermal stress is made of a carbon-copper composite material. Therefore, 
thermal stress concentrates at the intermediate layer made of the carbon- 
copper composite material, which has a low Young's modulus, and warping of 
the semiconductor device caused by differences between thermal expansion of 
the semiconductor element and thermal expansions of the layers of a laminar 

20 plate and thermal expansion of the heat sink can be reduced. 

Also, the invention provides a semiconductor device comprising a 
semiconductor element, a heat sink, a laminar plate provided so as to include an 
intermediate layer for moderating thermal stress between the semiconductor 
element and the heat sink. 

2 5 Because the laminar plate includes an intermediate layer for 

moderating thermal stress like this, thermal stress resulting from differences 
between thermal expansion of the semiconductor element and thermal 



expansions of the layers of the laminar plate and thermal expansion of the heat 
sink arising due to heat produced by the semiconductor element can be 
moderated, and it is possible to reduce warping of the semiconductor device. 

The laminar plate, preferably, comprises a first metal plate bonded to 
the semiconductor element, the intermediate layer for moderating thermal 
stress bonded to the opposite side of the first metal plate from the semi- 
conductor element, a second metal plate bonded to the opposite side of the 
intermediate layer from the side thereof bonded to the first metal plate, an 
insulating member bonded to the opposite side of the second metal plate from 
the side thereof bonded to the intermediate layer, and a third metal plate 
bonded to the opposite side of the insulating member from the side thereof 
bonded to the second metal plate. Consequently, thermal stress resulting from 
differences between thermal expansion of the semiconductor element and 
thermal expansion of the layers of the laminar plate and thermal expansion of 
the heat sink arising due to heat produced by the semiconductor element can be 
moderated with the intermediate layer, and warping of the semiconductor 
device can be reduced. Because metal plates are included in the laminar plate 
its thermal conductivity is good and heat arising from the semiconductor 
element can be conducted to the heat sink well and can be radiated well. 

Preferably, the thickness of the second metal plate and the thickness of 
the third metal plate are equal. When the thickness of the second metal plate 
and the thickness of the third metal plate are made equal like this, the thermal 
shock resistance can be made good and detachment of the layers of the laminar 
plate can be eliminated. 

Brief Description of the Drawings 

Fig. 1 is a sectional view of a semiconductor device according to an 
embodiment of the present invention; and 



Fig. 2 is a sectional view of a conventional semiconductor device. 

Best Mode for Carrying Out the Invention 
A semiconductor device 10 of this embodiment shown in Fig. 1 is made 
by providing an intermediate layer 13 for moderating thermal stress between a 
5 semiconductor element 11 and a heat sink 12. Preferably, it is made by 
providing a laminar plate 14 including an intermediate layer for moderating 
thermal stress between the semiconductor element 11 and the heat sink 12. 

The semiconductor element 11 is a power device such as a power 
transistor, a power FET, or an IGBT, and is made of a silicon semiconductor or 
10 the like. When the semiconductor element 11 operates, joule heat causes heat 
to arise and its temperature rises. When the temperature of the semiconductor 
element 11 rises its on-resistance increases, and when feedback control or the 
like is being carried out, when further voltage is applied in order to make 
current flow, joule heat increases, and the temperature rises further. Because 
15 of this, breakage of the semiconductor element 11 occurs. To prevent this, the 
semiconductor device 10 is provided with a heat sink 12. 

The heat sink 12 is made of copper or aluminum or molybdenum, which 
have good thermal conductivity, or an alloy of those or the like, and radiates 
heat produced from the semiconductor element 11. By this means it is possible 
2 0 to prevent rising of the temperature of the semiconductor element 11. Accor- 
dingly, it is shaped so as to have a large radiating area. 

The laminar plate 14 is for conducting heat produced in the semi- 
conductor element 11 to the heat sink to radiate it. 

This laminar plate 14 comprises a first metal plate 15 bonded to the 
25 semiconductor element 11 by means of a bonding material such as solder or 
brazing filler material, an intermediate layer 13 for moderating thermal stress 
bonded to the opposite side of that first metal plate 15 from the semiconductor 



element 11 with a bonding material such as solder or brazing filler material, a 
second metal plate 17 bonded to the opposite side of that intermediate layer 13 
from the side thereof bonded to the first metal plate 15 with a bonding material 
such as solder or brazing filler material, an insulating member 18 bonded to the 
5 opposite side of that second metal plate 17 from the side thereof bonded to the 
intermediate layer 13 with a bonding material such as solder or brazing filler 
material, and a third metal plate 19 bonded to the opposite side of that 
insulating member 18 to the side thereof bonded to the second metal plate 17 
with a bonding material such as solder or brazing filler material. 

10 Ni plating 20 has been carried out on the surface of the face of the first 

metal plate 15 on the side thereof to which the semiconductor element 11 is 
bonded. The Ni plating 20 is for securing solderability and wire-bondability of 
the semiconductor element. The first metal plate 15 is for securing solder ability 
and wire-bondability of the semiconductor element 11, and for dispersing heat 

15 in the plane direction. For this, a copper plate that is relatively thin but has 
high thermal conductivity is used. 

The intermediate layer 13 is for moderating thermal stress resulting 
from differences between thermal expansion of the semiconductor element 11, 
thermal expansions of the layers of the laminar plate 14, and thermal expansion 

2 0 of the heat sink 12 arising due to heat produced in the semiconductor element 
11. For this, a material having a small elastic constant in the laminate plane 
direction is used, and for example a carbon-copper composite material is used. 

The second metal plate 17 is for temporarily storing heat produced in 
the semiconductor element 11 and conducted through the first metal plate 15 

25 and the intermediate layer 13, and conducting heat via the insulating member 
18 bonded to its lower side and the third metal plate 19 to the heat sink 12. 
For this, a copper plate that is relatively thick and has high thermal 



conductivity is used. 

The insulating member 18 is for providing electrical insulation between 
the semiconductor element 11 and the heat sink 12. For this, a material having 
good thermal conductivity which is electrically insulating, such as SiN, is used. 
5 The third metal plate 19 is for supporting the laminar structure above it, 

and is also for conducting heat from the semiconductor element 11 to the heat 
sink 12. For this, a copper plate or the like, which has good thermal conductivity 
and is firm, is used. It is desirable for any difference between the thickness of 
the third metal plate and the thickness of the second metal plate to be 
1 0 eliminated. 

The heat sink 12 is for diffusing heat produced in the semiconductor 
element 11 and conducted to it by the laminar structure above it, and has a 
structure that makes its area of contact with air large, and is made of copper, 
aluminum, or molybdenum or an alloy of these. 
1 5 These plates may alternatively be bonded by being made to sandwich 

Ti-Cu foil sprinkled with Mg powder and pressurized in an N2 atmosphere and 
then annealed. 

Next, the action of a semiconductor device 10 according to the present 
embodiment will be explained. 

2 0 Heat produced while the semiconductor element 11 of the semiconductor 

device 10 is operating is conducted to the first metal plate 15, and because the 
thermal conductivity of the first metal plate 15 is good, spreads and is 
conducted also in the plane direction of the first metal plate 15. The 
temperature of the first metal plate 15 also rises. Consequently, it expands 

2 5 thermally more than before the temperature arose. 

Heat conducted into the first metal plate 15 is conducted to the 
intermediate layer 13 and the intermediate layer 13 also rises in temperature. 



Heat having been conducted to the intermediate layer 13 is conducted to the 
second metal plate 17 and the second metal plate 17 rises in temperature and 
thermally expands. 

Heat conducted to the second metal plate 17 is conducted to the 
insulating member 18 and the third metal plate 19 and is conducted to the heat 
sink 12 and is dissipated by the heat sink 12, whereby the heat of the 
semiconductor element 11 is diffused and the degree of temperature increase 
can be made small. 

At this time, the temperatures of the semiconductor element 11, the first 
metal plate 15, the intermediate layer 13, the second metal plate 17, the 
insulating member 18, the third metal plate 19 and the heat sink 12 are higher 
than before the semiconductor element 11 produced heat. Consequently the 
different layers tend to thermally expand with the thermal expansion 
coefficients of the respective materials. At that time, thermal stress arises. By 
the intermediate layer 13, which is made from a carbon-copper composite 
material having a small elastic coefficient in the plane direction, that thermal 
stress is moderated, and the thermal stress arising in the semiconductor device 
10 is reduced and warping can be reduced. 

From cause and effect isolated and clarified by design of experiment, it 
was found that by providing a carbon-copper composite material of a suitable 
thickness as an intermediate layer it was possible to reduce warping with a 
laminar plate by adjusting the thickness of the first metal plate, the thickness 
of the second metal plate and the thickness of the third metal plate. It was 
found that when there is no difference between the thickness of the second 
metal plate and the thickness of the third metal plate, there is resistance to 
thermal shock. Thus, by providing an intermediate layer for moderating 
thermal stress between the semiconductor element and the heat sink, it is 
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possible to reduce warping of the semiconductor device by heat. 

Industrial Applicability 
As described above, in the present invention, because thermal stress 
resulting from a difference between thermal expansion of a semiconductor 
5 element and thermal expansion of a heat sink arising when the semiconductor 
element produces heat is moderated with an intermediate layer, warping of the 
semiconductor device as a whole is reduced. Consequently, besides the full 
potential performance of the semiconductor element being obtained, it is not 
necessary for the semiconductor element to be forcibly cooled by means of a 
10 large fan or the like, and the invention is useful in all fields in which semi- 
conductor devices are used. 



